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Abstract
Atherosclerosis (ATS) is still considered as a major, global health problem. For a deeper understanding of its pathogenesis, in the last years
the research was translated from tissue visible events to molecular mechanisms. Osteopontin (OPN) and osteoprotegerin (OPG) are two
molecules that have been associated with the initiation and progression of ATS lesions. The aim of our study was to assess the OPN and
OPG expression in advanced stages of carotid ATS, to analyze the correlation between these markers and the ultrasonographic plaque
properties, pointing out the identification of possible patterns that can predict plaque vulnerability and risks of restenosis. The study group
comprised 49 consecutive patients (38 males and 11 females) diagnosed with carotid stenotic lesions by using ultrasonography. The carotid
endarterectomy specimens were standardly processed for histopathological and immunohistochemical exams. The OPN and OPG expression
was semi-quantitatively assessed. Our results sustained the relationship between histological American Heart Association (AHA) type and
ultrasonographic classification (echogenic versus echolucent) (p<0.001). The semi-quantitative analysis showed that in most cases (31 plaques)
OPG and OPN had opposite expressions, whereas in the remaining cases (18 plaques) the expression was similar. There were no correlations
between low versus high expression of intra-plaque OPN and OPG (p=0.335). We found significant correlation for OPN and plaque echogenicity
(p=0.011), but not for OPG (p=0.079). OPN expression (low versus high) was correlated with plaque type (stable versus unstable) (p=0.036),
plaque ulceration (p=0.009) and inflammation (p<0.001). OPG expression (low versus high) did not reveal statistically significant differences
with plaque type (stable versus unstable) and vulnerability plaque parameters, respectively. OPG and OPN co-exist in carotid atherosclerotic
plaque demonstrating a modulatory role in inflammatory and calcification processes. OPG is strongly expressed in stable, calcified plaques,
while OPN is poorly expressed in calcified plaques and in plaques without hemorrhage, ulceration, inflammation, or necrosis. Starting from the
molecular mechanisms, further studies of biomarkers are important to identify new therapeutic resources meant to prevent and treat vascular
calcification.
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 Introduction
More than 100 years after the first accepted definition
[1], atherosclerosis (ATS) is still considered as a major,
global health problem [2]. The outlining usually used for
this chronic condition includes the following characteristics:
it is a prominent cause of vascular disease, the main clinical
manifestations are ischemic heart disease, stroke and
peripheral arterial disease, and the key pathological feature
is the thickening of the arterial wall [1]. The concept of
atherosclerotic burden was introduced and agreed due to
the impact of the disease on the general population, based
on its predictive power for critical cardiovascular outcomes,
followed by threatening complications and an increase rate
of mortality [2, 3].
The deeper understanding of ATS pathology represents

an important target in medical research. Remarkable results
have been accumulated over time, leading to the identification
and grouping of microscopic lesions in classifications
whose relevance has been supported by clinicopathological
correlations.
ATS has a progressive course affecting the large elastic
and medium muscular arteries [4]. The pathognomonic
lesion is the atherosclerotic plaque, which develops either
by thickening resulting in stenosis or fissure of vessels,
generating a thrombotic material involved in the occurrence
of ischemic events [4]. Thus, the assessment of the
atherosclerotic lesion type allows not only a staging but also
an insight into the dynamics of the pathogenic process.
Therefore, the most reliable classification of atherosclerotic
lesions, developed by the American Heart Association
(AHA), sets the type of lesion by microscopic examination
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of certain elements, closely related to the developmental
stages of this process [4, 5].
There is a paradigm shift in understanding the ATS
pathology in the last years, by translation from tissue visible
events to molecular mechanisms [6–12]. Classical data
were supplemented by the involvement of the endothelial,
muscular, and inflammatory cell, through specific signaling
pathways and molecular crosstalk [6–12].
Within this context, osteopontin (OPN) and osteoprotegerin (OPG) are two molecules that have been
associated with the initiation and progression of ATS
lesions, being linked to plaque vulnerability by modulating
vascular calcification [13–15].
OPN is an extracellular matrix (ECM) protein that
functions as a proinflammatory cytokine [16], beside
binding potential of hydroxyapatite crystals to osteoblasts
which has been originally described [17]. It is also involved
in most systemic inflammatory processes and tissue
remodeling [16]. The involvement of OPN in the pathogenic
mechanism of ATS is supported by fibroblasts and
macrophages ability to synthesize OPN [16, 18]. Clinical
evidence has confirmed a correlation between plasma
OPN levels and coronary and aortic ATS, with a noticeable
increased value in large vessel lesions [19].
OPG, a protein in the tumor necrosis factor receptor
(TNFR) family, acts on bone tissue as an inhibitor of
bone resorption and inhibits the immune response [20].
At cardiovascular level, OPG synthesized by macrophage
and expressed by endothelial and smooth muscle cells
has a protective role in the development of ATS [21]. OPG
is one of the major components of endothelium-specific
intracytoplasmic corpuscles, called Weibel–Palade bodies
[22, 23]. In endothelial activation by tumor necrosis factoralpha (TNF-α) and interleukin-1β (IL-1β), the corpuscles are
secreted into the extracellular environment, thus protecting
the endothelium from the apoptotic process triggered by the
TNF-related apoptosis-inducing ligand (TRAIL) pathway
[22, 23]. Moreover, OPG binds thrombospondin-1 (TSP-1),
thus intervening in the regulation of vascular damage and
thrombus formation [20]. OPG expressed by smooth muscle
cells of medial layer is preventing the calcification of
the ECM, but not the resorption of the already deposited
calcium [21, 24].
Concurrently with the pathogenic mechanism of ATS,
the researchers’ interest is also directed on its clinical and
therapeutic management. A critical problem is the fact
that the disease can remain asymptomatic for many years,
complications often being the first clinical manifestation.
The progress made in the development of non-invasive
cardiovascular techniques, folded up by the increase of
patients’ accessibility to these techniques has improved the
prognosis for ATS, allowing a more accurate evaluation of
early stages of the disease. Ultrasonography (US) represents
the first line approach for diagnosis. US performances
allow not only the identification of the lesion, but also
determine the degree of stenosis [25, 26] and the
associated risk. It is already known that the echolucent
plaques are vulnerable and with a higher probability to
determine transitional ischemic strokes. Thus, imaging
diagnosis can prevent dramatic ischemic lesions, by
prioritizing those cases that require endarterectomy. Early
diagnosis and therapy of atherosclerotic carotid artery
disease have significantly reduced the risk of complications,

mainly the stroke risk – the results being confirmed by
two clinical trials targeting this issue [27, 28].
However, there are still limits related to the accuracy
of imaging diagnosis. That is why researchers are testing
additional markers that can enhance the quality of the
diagnosis. Gray scale median (GSM) is an US marker for
atherosclerotic plaque aspect [29, 30], but its value is still
disputed in the literature.
Within this context of knowledge, the present research
is based on the experience of the Department of Vascular
Surgery, Sf. Spiridon Emergency County Hospital, Iaşi,
Romania, in the diagnosis and surgical treatment of ATS
lesions and completes our previous published reports on
this subject [31, 32].
Aim
Specifically, our study aims to assess the OPN and OPG
expression in advanced stages of carotid ATS, to analyze
the correlation between these markers and the ultrasonographic plaque properties, pointing out the identification
of possible patterns that can predict plaque vulnerability
and risks of restenosis, after carotid endarterectomy (CEA).
 Patients, Materials and Methods
Patients
The study group comprised 49 consecutive patients
(38 males and 11 females, average age 66±6.16 years old)
diagnosed with carotid stenotic lesions and treated in the
Department of Vascular Surgery, Sf. Spiridon Emergency
County Hospital, Iaşi, from January 2015 to April 2018.
The selection of the patients was based on well-established
inclusion criteria (namely 70–99% stenosis of internal
carotid arteries without symptoms, 50–99% stenosis of
internal carotid arteries associated with recent transitory
ischemic attack or stroke). The exclusion criteria included
the presence of chronic autoimmune, endocrine, hepatic,
renal or cardiac conditions, and neoplasms. The study
received the ethical approval of Grigore T. Popa University
of Medicine and Pharmacy, Iaşi. Epidemiological, clinical
characteristics, and preoperatory treatment for the patients
in our group are summarized in Table 1.
US imagistic evaluation
The diagnosis was established using US, B-mode and
Doppler [Siemens US equipment (X700)]. The examination
of the common and internal carotid arteries was performed
in supine position, the neck being rotated at 45º in the
opposite direction. The degree of stenosis was measured
and reported according to North American Symptomatic
Carotid Endarterectomy Trial (NASCET) method [25,
27, 31, 32].
The plaques were described and classified according to
the Gray–Weale classes [31–33], in two main categories:
vulnerable and stable. Vulnerable plaques included
anechogenic plaques with fibrous cap (type 1) or plaques
with less than 25% of echogenic areas (type 2), whereas
stable plaques category included the hyperechogenic ones,
with reduced anechogenic zones (less than 25% – type 3)
or with homogenous hyperechogenicity (type 4). After that,
type 1 and type 2 plaques were grouped in echolucent
plaques, whereas type 3 and 4 – in echogenic plaques.
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Table 1 – Epidemiology, clinical characteristics, and
pre-operatory treatment
Characteristics

No. of cases Percentage

Gender
▪ Male

38

77.5%

▪ Female

11

22.5%

History of neurological symptoms
▪ TIA

19

38.7%

▪ Stroke

18

36.7%

▪ Amaurosis fugax

3

6.1%

▪ Absent

9

18.4%

▪ Hypertension

37

75.5%

▪ Dyslipidemia

20

40.8%

▪ Diabetes mellitus

15

30.6%

▪ Active smokers

10

20.4%

▪ Peripheral arterial disease

15

30.6%

Treatment
▪ ASA/platelet aggregation
inhibitors before admission
▪ HMG-CoA reductase
inhibitors before admission

40

81.6%

48

97.9%

Risk factors

ASA: Acetylsalicylic acid; HMG-CoA: β-Hydroxy-β-methylglutaryl
coenzyme A; TIA: Transient ischemic attack.

All collected ultrasonographic images were analyzed by
applying the GSM [30]. The calculation of GSM (for each
plaque) required an image-analysis technique performed
by using Adobe Photoshop application and the following
steps: image normalization, that ensures the decrease of
the gain-induced variability characteristic for the image
echogenicity; image segmentation, considering two values
of reference: 0 for black (corresponding to the blood) and
255 for white (corresponding to the adventitia); selection
of the plaque area with subsequent acquisition of the
corresponding histogram [31, 32].
Tissue processing, microscopic assessment
The CEA specimens were standardly processed for
histopathological (HP) and immunohistochemical (IHC)
exams at the Laboratory of Histology. Serial sections were
cut using a microtome, stained with Hematoxylin–Eosin
and trichrome, and also prepared for IHC technique.
The microscopic exam in standard and special stainings
allowed the classification of the atherosclerotic lesions
using the criteria of AHA classification [5]. For each
plaque, several parameters for plaque vulnerability were
noted, specifically: calcification, hemorrhage, ulceration,
inflammation, and necrosis [32].
IHC technique was performed using two specific primary
antibodies anti-OPN (rabbit polyclonal antibody, code:
ab231484, 1:100 dilution) and anti-OPG (rabbit polyclonal
antibody, code: ab183910, 1:1000 dilution). Tissue section
were dewaxed in two baths of xylol and rehydration was
done by immersion of slides in ethanol. To unmask the
antigenic situs by heat-induced epitope retrieval, the slides
were immersed in citrate buffer pH 6 and placed in a water
bath at 97ºC, for 20 minutes. The reaction was developed
with a specific Horseradish peroxidase (HRP)/3.3’Diaminobenzidine (DAB) detection kit using HRP-labeled
Streptavidin, a biotinylated secondary antibody and DAB
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tetrahydrochloride chromogen (Abcam IHC detection kit,
code: ab64261).
The expression of the two biomarkers was quantified
taking into consideration the intensity of the immunolabeling (low and high, respectively) and the extension
of the immunopositive area inside the plaque. Therefore,
negative lesions and those with low immunopositivity in
less than 50% of the plaque area were classified as low
OPN/OPG expression, and the lesions with high OPN/OPG
expression were considered when the immunostaining
was noted in more than 50% of the interest area defined
in the plaques. The assessment was performed by three
trained histopathologists. The final results were decided
in consensus, in order to avoid the degree of subjectivity in
the semi-quantitative assessment.
Statistical analysis
For statistical analysis, we used the Statistical Package
for the Social Sciences (SPSS) program (version 19.0).
Nominal variables were analyzed using the χ2 (chi-squared)
test and we considered a priori a p-value <0.05 as
significant.
 Results
Imaging characteristics
The results of ultrasonographic examination revealed
33 patients who presented a degree of stenosis between
70–99%, 14 patients with stenosis between 60–69%, and
two patients with stenosis between 50–59%.
All identified internal or common carotid lesions
were classified as follows: 21 plaques as echolucent, and
28 plaques as echogenic. We noticed that most of the
echolucent plaques were type 1 (16 cases), anechogenic
with echogenic fibrous cap, whereas the echogenic plaques
were predominantly type 3 (26 cases), characterized by
hyperechogenicity mixed with less than 25% anechogenic
zones.
By using the GSM score and a threshold of 37 based on
the GSM value for quartile 25, 13 plaques were considered
vulnerable (GSM <37), and 36 plaques were stable (GSM
>37).
Histopathological characteristics
The microscopic exam showed 35 plaques with specific
features for AHA type V (morphologically stable plaques)
and 14 plaques with particular morphological changes for
AHA type VI (morphologically unstable plaques).
OPN and OPG expression
The qualitative assessment of OPN and OPG in
atherosclerotic plaques showed a fine granular expression
pattern, with heterogeneous distribution and variable
intensity (low, moderate, or high).
OPN expression, with low or moderate intensity, was
identified in the lipid core and in the areas adjacent
to dystrophic calcifications in more than 50% of cases
(Figure 1). High intensity expression of OPN was observed
in the lipid core and very rarely in the ECM, only in plaques
with moderate or well represented inflammatory infiltrate
(Figure 2). Cells expressing OPN were macrophages,
myofibroblasts, and focal smooth muscle cells, but the
intensity of expression was low.
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OPG high intensity expression was constantly identified
in the intimal layers as fine granular areas within dystrophic
calcification and around them, as well as in atheromatous
core (Figures 3 and 4). OPG was also identified in the
ECM of plaques, occupying large areas (corresponding to
increased synthesis), especially in plaques with associated
inflammation or numerous smooth muscle cells. Areas
containing foamy macrophages and smooth muscle cells
in the media were strongly positive for OPG. OPG was

also focally observed in smooth muscle cells migrated
to the fibrous cap. OPG decreased cellular expression
was associated with increased expression of OPG in the
ECM.
The semi-quantitative assessment based on the applied
scoring system, revealed low OPN expression in 35 plaques
and high expression in the other 14 plaques specimens.
On the other hand, OPG was low in 16 plaques and high
in 33 plaque specimens.

Figure 1 – Low OPN expression in the periphery of the
lipid core (IHC staining with anti-OPN antibody, ×100).
IHC: Immunohistochemical; OPN: Osteopontin.

Figure 2 – Strong OPN expression in the periphery of the
calcification area, in foamy macrophages, fibroblasts,
and inflammatory cells of the plaque (IHC staining with
anti-OPN antibody, ×100). IHC: Immunohistochemical;
OPN: Osteopontin.

Figure 3 – Strong OPG expression in the fibro-lipid plaque
(lipid core, smooth muscle cells, fibroblasts, extracellular
matrix); smooth muscle cells OPG positive in the media
(IHC staining with anti-OPG antibody, ×100). IHC:
Immunohistochemical; OPN: Osteoprotegerin.

Figure 4 – Strong OPG expression in the lipid core,
adjacent to cholesterol crystals, in the extracellular matrix
and intracellular matrix resident cells (fibroblasts) or
migrated cells (inflammatory elements) (IHC staining with
anti-OPG antibody, ×100). IHC: Immunohistochemical;
OPN: Osteoprotegerin.

Clinico-pathological and imaging correlations
A significant statistical correlation was noticed between
histological AHA type and ultrasonographic classification
(echogenic versus echolucent) (p<0.001).
Ultrasonographic classification was correlated with
hemorrhage (p=0.013), ulceration (p=0.001), inflammation
(p=0.004), and necrosis (p=0.025), but no significant
correlation was registered for the plaque calcification
(p=0.219).

There were no statistically significant differences
between low versus high expression of intra-plaque OPN
and OPG (p=0.335).
Statistical analysis showed significant correlation
between OPN and plaque echogenicity (p=0.011), but not
for OPG (p=0.079). Moreover, no statistical significance
could be identified between OPG or OPN and GSM, neither
as individual value nor as threshold.
Statistically significant differences were registered
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between OPN expression (low versus high) and plaque
type (stable versus unstable) (p=0.036) (Table 2), and
also for plaque ulceration (p=0.009) and inflammation
(p<0.001).
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OPG expression (low versus high) did not reveal
statistically significant differences with plaque type (stable
versus unstable) and vulnerability plaque parameters,
respectively (Table 2).

Table 2 – OPN and OPG expression in correlation to morphological parameters
Morphological parameters
Calcification
Hemorrhage
Ulceration
Inflammation

OPN expression
Low

p
χ2 test

High

Negative

6 (60%)

4 (40%)

Positive

29 (74.4%)

10 (25.6%)

Negative

31 (73.8%)

11 (26.2%)

Positive

4 (57.1%)

3 (42.9%)

Negative

30 (81.1%)

7 (18.9%)

Positive

5 (41.7%)

7 (58.3%)

Negative

29 (90.6%)

3 (9.4%)

Positive

6 (35.3%)

11 (64.7%)

Negative

27 (75%)

9 (25%)

Positive

8 (61.5%)

5 (38.5%)

Morphologically stable plaques

28 (80%)

7 (20%)

Morphologically unstable plaques

7 (50%)

7 (50%)

Necrosis

0.370
0.366
0.009
<0.001
0.357
0.036

OPG expression
Low

High

2 (20%)

8 (80%)

14 (35.9%)

25 (64.1%)

15 (35.7%)

27 (64.3%)

1 (14.3%)

6 (85.7%)

14 (37.8%)

23 (62.2%)

2 (16.7%)

10 (83.3%)

11 (34.4%)

21 (65.6%)

5 (29.4%)

12 (70.6%)

13 (36.1%)

23 (63.9%)

3 (23.1%)

10 (76.9%)

13 (37.1%)

22 (62.9%)

3 (21.4%)

11 (78.6%)

p
χ2 test
0.339
0.263
0.174
0.724
0.390
0.289

OPG: Osteoprotegerin; OPN: Osteopontin.

 Discussions
The value of the histological analysis of carotid
endarterectomy specimens versus the imaging
techniques
Currently, plaques removed by CEA which are not
analyzed by standard histology are wasted. Several studies
have emphasized that the histological analysis of the plaque
specimens harvested during a CEA may provide insights
in the atherosclerotic process of the entire vascular system
[34, 35]. It is worth mentioning that the accurate diagnosis
for ATS lesions is based on the histological exam, in
accordance with AHA classification. Thus, the unstable
plaques, susceptible to rupture have a central necrosis
mass, rich inflammatory infiltrate, and a thin fibrous cap.
On the other hand, the stable plaques show a small lipid
core, few inflammatory cells, and a thick fibrous cap. The
histological characterization of the CEA specimens can be
compared with imaging features of the plaques, leading
to a more precise diagnosis for stable versus vulnerable
plaques. These features have major implications in the
prediction of the atherosclerotic process evolution,
including the possible risk of a cerebral thromboembolism
resulting in stroke, transient ischemic attacks or amaurosis
fugax [36, 37]. We must highlight that in our study most
carotid atherosclerotic plaques have been obtained from
asymptomatic patients (either with no symptomatology
at all or with cerebral ischemic events older than six
months) and were echogenic, stabile plaques, with surgical
indications for CEA due to stenosis severity.
The review of the literature reveals constant effort
aiming to provide uniformity in reports on atherosclerotic
plaque imaging [either US, computed tomography (CT)
or magnetic resonance imaging (MRI)] versus histology.
One of the first relevant paper on this topic, published
in the 80’s, reported that the echolucent plaques frequently
present intraplaque hemorrhage in comparison with the
echogenic ones [33].

Another classification is based on the degree of plaque
echogenicity, proposing three distinct types: hypoechogenic
plaque, often associated with serious retinal phenomena,
hyperechogenic plaque, correlated with an asymptomatic
status, and intermediate echoic plaque, responsible for
the occurrence of cerebrovascular symptoms [38]. The
presence of hemorrhage area represents a characteristic of
hypoechogenic plaques, whereas necrosis and calcification
do not have an echomorphologic predilection [38]. This
makes it difficult to distinguish by ultrasound techniques
between calcified plaques and those with necrosis, thus
limiting the diagnostic accuracy of this investigation and
suggesting the need for additional histological analysis
[38].
The comparative histological-imaging approach could
provide a new perspective in establishing the type of
atherosclerotic lesions by promoting a non-invasive
investigation.
Relevant data are provided by a review that analyzed
73 studies that compared carotid plaque imaging with
carotid plaque histology [34]. Unfortunately, this review
revealed a large variety of histological and/or imaging
techniques, including performance of the equipment and
the examiner subjectivity, without a common methodology
and measurement parameters. Therefore, the paper cannot
offer an integrated, histological-imaging overview regarding
the atheromatous process [34]. Histological assessment
had been variable according to the processing method, type
of section (cross-section in 66% and longitudinally in 4%
of studies, respectively), thickness of the sample, staining,
and not least the number of sections [34]. From the total
number of studies, the correlations between histology and
imaging addressed the size of lipid core by reference to
the fibrous layer in 77%, calcification in 66%, intra-plaque
hemorrhage in 56%, surface-thrombus in 37%, rupture in
21%, inflammation in 12%, cap thickness in 10%, and
plaque neovascularization in 4% [34]. The evaluation
was predominantly qualitative and only 20 studies used
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computer-assisted image analysis in addition to classical
histological exam to determine the percentage of each
element in the structure of plaque [34]. On the other hand,
even if the same imaging methods were used, with similar
criteria ensuring the reproducibility of the study (i.e.,
Gray–Weale scale of ultrasonographic echogenicity), the
results were extremely variable [34].
All these deficiencies led to the necessity to develop
new reporting criteria that show atheromatous plaque
characteristics from both histological and imaging point
of view, in order to provide a diagnosis as accurate as
possible [34]. The correlation between the histological
analysis and the imaging technique (US, CT or MRI)
facilitates the atheromatous process staging and enables
the development of appropriate therapeutic strategy in
relation to the particularities of each reported investigation.
Relying on the classification of atherosclerotic plaques
in echogenic or echolucent, our study identifies a strong
correlation with histological examination and AHA plaque
type, providing information about carotid plaque vulnerability
by identifying hemorrhage (p=0.013), ulceration (p=0.001),
inflammation (p=0.004) or necrosis (p=0.025) in echolucent
plaques.
Although other studies showed significant correlation
between high echogenicity and calcified plaques [39, 40],
our study did not confirm this association. Our results
indicate that the echogenic plaques are predominantly
calcified and also some of the echolucent, vulnerable plaques
show a variable degree of calcification.
Thus, imaging diagnosis does not equal the specific
ability of histopathology to refine lesions type and there
is no perfect matching between US and the histological
approach. US offer a two-dimensional image, with low
potential to cover the entire plaque volume and it is
dependent on the potential to overcome shadowing artefacts
caused by calcified plaques [41]. Unfortunately, US is
characterized by low levels of reproducibility [42, 43]
and GSM values have a very low level of correlation with
HP examination results [44].
The optimization of the imaging techniques is an
important step to promote non-invasive methods for
diagnosis, but it cannot be done in the absence of
histological contributions. Early diagnosis of atherosclerotic
lesions and their predicable evolution are common goals
of clinical and histological examinations. Any success in
this approach provides new perspectives for a deeper
understanding of ATS, a disease with significant incidence
and impact in general population.
The significance of OPN and OPG expression
Classically, the etiopathogenesis of ATS involves
metabolic, mechanical, infectious, or inflammatory lesions
[4, 11]. Nowadays, current trends in ATS research trigger
the molecular pathogenesis that determines the onset and
progression of disease. From the description of specific
histological changes, the level of knowledge has deepened
into specific mechanisms and pathways based on the
synergistic action of products synthesized by vascular wall
cells and circulating factors [45]. Despite the progress
made in deciphering the molecular interferences that lead
to vascular damage and structural remodeling, there are
still a multitude of unknown elements.

The extensive panel of molecular markers involved in
the pathogenic mechanism of ATS includes OPN and
OPG, considered as calcification markers. These bonematrix proteins seem to have an important role in mineral
deposition and osteoclastogenesis inhibition and are
expressed by most vascular cells [13, 46, 47].
OPN is synthesized mainly by macrophages stimulated
by numerous cytokines [i.e., angiotensin II, TNF-α,
interferon-gamma (IFN-γ), and transforming growth factor
beta (TGF-β), and various interleukins – IL-1, IL-2, IL-3],
lipopolysaccharides and nitric oxide [48]. Although OPN
upregulation is still unknown, it seems that peroxisome
proliferator-activated receptor gamma (PPARγ) has the
main role, as an inhibitor of its gene expression. OPN acts
by direct interaction with several types of membrane
receptors belonging to integrin family and with cluster of
differentiation 44R (CD44R) [49]. Once synthesized, OPN
is responsible for several actions: it promotes adhesion,
migration, and monocyte differentiation, stimulates matrix
metalloproteinase (MMP)-2 and MMP-9 expression,
stimulates phenotypic T1-lymphocytes differentiation,
and inhibits T2-lymphocytes differentiation. Given that
MMPs are involved in degradation of the ECM, this effect
is synergistic with the pro-migratory monocyte action
[50]. Thus, OPN has a crucial role in the recruitment of
macrophages which, in turn, stimulate cytokine secretion
and, consequently, cellular immunity is activated [16].
As a chemoattractant for inflammatory cells, OPN has an
important role in healing and in vascular remodeling, and,
supplementary, it has an inhibitory effect on calcification
[51]. Consequently, OPN could be responsible for the
evolution of unstable plaques [46, 47, 52, 53].
A close relationship between plasma OPN levels and
ATS has been demonstrated [19]. In vulnerable plaques,
increased OPN expression is associated with the association
of inflammation and calcifications [18, 54].
The major role of OPG is associated with bone turnover
[20]. The study of OPG expression in normal and
pathological status is also demonstrating other functions,
such as: promoter of cell survival, stimulator of tumor
cells apoptosis and inhibitor of the immune response.
The process of vascular calcification during ATS lesions
progression has many similitudes with bone formation,
without being identical phenomena [20, 24].
The role of OPG in the induction of osteogenesis
analyzed by several experimental and clinical studies
reveal contradictory data. Some reports indicate that the
presence of OPG inhibits the mineralization process, thus
having a potential role in preventing calcification in
atheroma plaques [22, 24, 55]. According to these data,
the fibrous cap plaques are dominant in carotids (73%)
and express more OPG, while calcified plaques are more
common in femorals (93%) and show a lower OPG
expression [55]. Increased OPG expression in carotid
plaques is correlated with an increased number of
macrophages [22]. On the other hand, other reports show
an increase in morbidity and mortality by cardiovascular
disease associated with elevated serum OPG levels, as
well as an increased OPG expression in unstable plaques
[56–58]. Thus, although OPG is unanimously accepted
as a marker of ATS and of intraplaque stabilization, it is
not clearly established whether it is a pathogenic factor
or appears because of endothelial activation [56, 58, 59].
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Our semi-quantitative analysis of OPN and OPG in
atherosclerotic plaque, defining the expression as low
and high, showed that in most cases (31 plaques) OPG and
OPN had opposite expressions. However, OPG and OPN
expression was similar in 18 cases (eight cases high and 10
cases low expression, respectively). These data support that
OPG and OPN are co-expressed in carotid atherosclerotic
plaques, as markers of inflammation and calcification
processes.
From a clinical and histopathological point of view,
the presence of calcification in the carotid plaque determines
its stability and decreases the risk of rupture and the
presence of symptomatology.
Our data support the dual role of the OPN. OPN was
poorly expressed in 29 calcified plaques and in plaques
without hemorrhage (31 plaques), ulceration (30 plaques),
inflammation (29 plaques) or necrosis (27 plaques). The
correlation of OPN expression with the presence of intraplaque ulceration and inflammation confirms its involvement
in vulnerable morphological lesions (p=0.036).
Our data support the association of OPG with the
mineralization process, OPG being strongly expressed
in stable, calcified plaques. More specifically, OPG was
highly positive in 33 plaques, 25 (75%) of them showing
calcifications in histological examination.
In addition to these data, our study shows no statistical
significance between GSM and AHA plaques type or the
presence of OPN or OPG.
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[14]

 Conclusions
OPG and OPN co-exist in carotid atherosclerotic
plaque demonstrating a modulatory role in inflammatory
and calcification processes. OPG is strongly expressed in
stable, calcified plaques, while OPN is poorly expressed
in calcified plaques and in plaques without hemorrhage,
ulceration, inflammation, or necrosis.
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